Introduction
Polyethylene glycols (trade name "Carbowaxes"3) of various assumed average molecular weights are now used extensively in a variety of cosmetic and pharmaceutical applications. It has been established that in the concentrations employed they have a low order of toxicity in animals, including man (Smyth et al., 19) . Shortly after these compounds became available, their use as carriers of plant growth regulators was investigated (Zimmerman & Hitchcock, 25) . But the paucity of references to their use in the ensuing years, plus the findings of these early studies, suggest that they are not satisfactory for this purpose. The polyethylene glycols are available in what is generally assumed to be a graded series of average molecular weight from approximately 300 to 20,000. The initial objective of the present study was to use them for this purpose in studying the action of auxins and antiauxins in controlling rate of root hair elongation. But, the strongly inhibitory effects of very low concentrations of Carbowaxes upon rate of elongation of root hairs suggested that the Carbowaxes were not acting solely as osmotic agents. That is, the data indicated that the Carbowaxes were exerting some direct effects upon the process of elongation of root hairs quite apart from an osmotic effect. Since the Carbowaxes are being used by various workers (Thimann et al., 21, Janes, 12, Lagerwerff et al, 14) as osmotic agents without, apparently, a proper appreciation of their non-osmotic effects, the following results should be of interest.
Materials & Methods
The measurements and observations on root hairs and roots of redtop grass seedlings (Agrostis alba L.) have been made by the methods and under the conditions described earlier (Jackson, 10) . Essentially, the technique is to observe and measure elongating root hairs on roots of intact seedlings growing in a culture chamber. One root was selected for study, sketched, and five to eight root hairs selected for measurement and numbered on this sketch. These hairs and the primary root were measured at 30 nminute intervals for a 1 hour control period. The culture I Received Jan. 8, 1962 Roots were also subjected to a series of concentrations of sucrose of known osmotic pressure. Subjection to 0.5 M sucrose (14.3 atm) caused immediate plasmolysis of root hairs and root epidermal cells, but their appearance was much different than those plasmolyzed in 20 % C-1000 (O.P. = 14.1 atm). In the sucrose solution, the cytoplasm in the root hair proper contracted into a series of discrete bodies with strands connecting them. The cytoplasm in the epidermal cells contracted into a rather smooth oblong mass with rounded ends. The cytoplasm receded for a considerable distance from the tips of root hairs. Epidermal cells plasmolyzed by C-1000 solutions had a strongly scalloped appearance and the cell walls of the root epidermal cells exhibited strong shrinkage. Root hairs collapsed into flat, twisted filaments. But, it was found that when roots were subjected to very high concentrations of sucrose (1.0 -M, i.e. O.P. = 34.6 atm), the behavior was the same as in lower concentrations of Carbowax. That is, the root exhibited marked shrinkage and the root hairs collapsed. The collapse of the cell walls suggests that the cell wall is, momentarily at least, acting as a differentially permeable membrane to Carbowax and even to sucrose in high concentrations. Plasmolysis and shrinkage of cells subjected to 30 % C-1000 (O.P. = 33.7 atm) was severe and cytoplasmic streaming stopped immediately. And yet when the culture chamber was 65 and 54 % of the control, and 10 % reduced elongation to 27.2 and 12.5 %. That is, Carbowax would seem to be a slightly more effective osmotic agent than mannitol, but the differences were small.
An evaluation of the effects of Carbowaxes on membrane permeability was obtained by determining A, changes in the fresh weight and B, loss of anthocyanin from beet root tissue discs. The results are presented in table V. The beet root discs lost water to sucrose, mannitol, and Carbowax solutions having osmotic pressures of, respectively, 5.3, 5.3, and 8.5 atmospheres. Increasing concentrations of any of these in the external medium resulted in a further loss of fresh weight of the tissue. However, even when the tissue lost one-third of its original fresh weight upon immersion in 29.7 % C-1000 (33.7 atm), there was no significant loss of anthocyanins from the tissue compared to the controls. That is, it is evident that Carbowax-1000 does not destroy the permeability of cell membranes in beet root tissue even at very high concentrations. Anthocyanins leaked freely from tissue subjected to ether vapors for one or two minutes.
Discussion
The Carbowaxes (polyethylene glycols with the general formula HOCH9 (OCH,CH2 )nOH) have been used widely in the pharmaceutical industry as solvents, ointments, suppository vehicles, jellies, tablet binders, coatings, and as cosmetic bases and are known to have a low order of both acute and chronic toxicity when given orally or by injection to animals including man (Smyth et al., 19) . However, in one of the earliest studies in which Carbowax was applied to plants (Withrow & Howlett, 24) it was found that undiluted Carbowax 1500 and Carbowax 4000 were very toxic to tomato leaf and flower tissues. In fact, they reported that tomato floral parts were injured by as little as 0.1 % Carbowax in aqueous solution. But, they noted that up to 1 % Carbowax applied as a spray was nontoxic to leaf tissue of several plants. Zimmerman and Hitchcock (25) mentioned that 2,4-dichlorophenoxyacetic acid combined with 5 to 10 % Carbowax was a more effective herbicide preparation than 2,4-D alone, but they did not mention any specific toxic effects of Carbowax. Mitchell and Hamner (18) found that tomato plants were not injured by 1 % solutions of Carbowax 1500, 1540, and 4000, but were injured by a 9 % solution during a 10 day period following treatment.
Carbowaxes also have been employed in the study of isolated intracellular structures. For example, MIcClendon and Blinks (16) found that, although the pigment phycoerythrin leaked out of plastids of the red alga Griffithsia pacifica isolated in distilled water, sea water (concentrated up to threefold), potassium chloride (up to 1.5 M), or sucrose (up to 2 M) within a few minutes, there was no loss of pigment from plastids immersed in 0.8 g per ml (80.0 %) of Carbowax 4000 in 0.1 M buffer. Furthermore, the plastids in the Carbowax were smooth and homogenous with the same appearance as in the intact cell. They also found that the Hill reaction in Griffithsia, Antithamnion, and Corallina plastids was very active in solutions of Carbowax 4000, but that the activity was greatly reduced or eliminated in dilute buffer alone. Chloroplasts of Nitella and Elodea also maintained Hill reaction activity longer in Carbowax than in sucrose solutions, while chloroplasts of several land plants showed lower initial activities in Carbowax. However, in a later study McClendon (15) found that the Hill reaction activity in chloroplasts of chard and poke leaves was as high in Carbowax 4000 as in buffer or sucrose, and the stability usually was greater in Carbowax. He believes that the efficacy of Carbowax in preserving Hill reaction activity is due to its osmotic properties. But, Stocking (20) cautioned that Carbowax solutions were not suitable for studies of the intracellular distribution of enzymes because Carbowax precipitates soluble enzymes. The enzymes then appear in fractions containing cell organelles such as chloroplasts with which they are not associated in the living cell. He pointed out that the occurrence of phosphorylase in the chloroplast fraction isolated in Carbowax was not evidence of the natural distribution of this enzyme.
Collander (2) attempted to use the polyethylene glycols in his studies of membrane permeability, but found that their penetration rates were too low to be of practical value. Other workers have used this very property to justify the use of these compounds as osmotic agents (Thimann et 
